MLDSP-GUI (Machine Learning with Digital Signal Processing) is an open-source, alignmentfree, ultrafast, computationally lightweight, standalone software tool with an interactive Graphical User Interface (GUI) for comparison and analysis of DNA sequences. MLDSP-GUI is a general-purpose tool that can be used for a variety of applications such as taxonomic classification, disease classification, virus subtype classification, evolutionary analyses, among others. Availability: MLDSP-GUI is open-source, cross-platform compatible, and is available under the terms of the Creative Commons Attribution 4.0 International license
Introduction
Alignment-based methods have been successfully used for genome classification, but their use has limitations such as the need for contiguous homologous sequences, the heavy memory/time computational cost, and the dependence on a priori assumptions about, e.g., the gap penalty and threshold values for statistical parameters. To address these challenges, alignment-free methods have been proposed. Zielezinski et al., 2017 defined two categories of alignment-free methods: those that use fixed-length word (oligomer) frequencies, and those that do not require finding fixed-length segments. MLDSP-GUI (Machine Learning with Digital Signal Processing and Graphical User Interface) combines both approaches in that it can use one-dimensional numerical representations of DNA sequences that do not require calculating k-mer (oligomers of length k) frequencies, see Randhawa et al., 2019 but, in addition, it can also use k-mer dependent two-dimensional Chaos Game Representation (CGR) of DNA sequences, see Jeffrey, 1990; Kari et al., 2015. While alignment-free methods address some of the limitations of alignment-based methods, they still face some challenges. First, most of the existing alignment-free methods lack software implementations, which is necessary for methods to be compared on common datasets. Second, among methods that have software implementations available, the majority have been tested only on simulated sequences or on small real-world datasets. Third, the scalability issue in the form of, e.g., excessive memory overhead and execution time, still remains unsolved for large values of k, in the case of k-mer based methods.
MLDSP-GUI is a software tool that addresses all of these major challenges and introduces novel features and applications such as: An interactive graphical user interface; Output as either a 3D plot or phylogenetic tree in Newick format; Inter-cluster distance calculation; k-mer frequency calculation (k = 2, 3, 4) for analysis of under-and over-representation of oligomers; Visualisation of DNA sequences as two-dimensional CGRs; Use of Pearson Correlation Coefficient (PCC), Euclidean or Manhattan distances; Success in classifying large, realworld, datasets. The use of k-mer independent one-dimensional numerical representations and Discrete Fourier Transform make MLDSP-GUI ultrafast, memory-economical and scalable, while the use of supervised machine learning leads to classification accuracies over 92%. Lastly, MLDSP-GUI is user-friendly and thus ideally designed for cross-disciplinary applications. 
